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ABSTRACT

3
An integrated assembly of a single, extruded, multiperforated,
" propellant grain and the required igniter charge was developed which
met the ballistic specifications at normal temperature for the M91
cartridge for propellant actuated devices, To provide for high
vibration resistance, the propellant grain was bonded to the case and
the igniter was bonded to the top surface of the grain,

While this concept has been shown to be feasible, widespread
applicationrof this system to PAD cartridges is not warranted since a
different single grain propellant charge would have to be extruded for
each cartridge type.
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INTRODUCTION

In viewy of the severe vibration conditions to which PAD systems
employed in the rocket and missile field are subjected, a program was
undertaken to develop 2 PAD cartridge capable of withstanding extreme
vibration without impairment of properties or performance. The M91
cartridge was selected as the test vehicle since it is used in the minia-
fure initiator (M27/M28) designed to replace the widely used M3 initia-
tor. A medified version of the M91 cartridge, incorporating an inert,
polyethylene insert to provide increased vibration resistance for the
loose multiperforated propellant, was prsviously developed for Project
Mercury. \*7" It was believed, however, that additional improvemmen
could be attaired by developing & charge specifically designed for vi-
bration resistance, thus obviating'the need for the inert separator,
Furthermore, there was a questior zs to whether the nitrate ester
propellant used in the meodified cartridge ‘would ];;rovide adequate
thermzl stability,

r

A program was therefore uzdertaken which resulted in the de-
velepment of integreted propellazt charges bonded to the case wall,
Bonding in this manuer provided a cartridge having high vibration re-
sistance since the charge vibrated in unison with the case. Standard
PAD cartridges, on the other hand, are assembled with loose graanular
propellant and black powder which move freely in the case and are sub-
jected to substantial case Impact during vibration.

Two parzallel approaches to the integrated charge development
were followed. One we ced upon o single grain molded from small
granulation extruded propeliznt; the other, upon a single extruded multi-
perforated grain, he develcpment of a molded charge, which met
ballistic requirements and yizlded improved thermal stab'ility and vi-
bration resistance, is described in = previyﬁs report. (2 In the molded
grain approach, the requirsd high mass burning rate was met by an
irtegrated propellant-binder chargze which burned in accordance with
the characteristics of the granular propellact, The investigation de-
scribed herein concerns the development of an integrated as sembly of
a single extruded 2 2nd igniter charge., Due to funding limitations,
this phase of the inves ion was not carried to completion. However,
the feasibility of such an approzch was demonstrated,
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APPROACH

Since the objectives of the program stipulated both high vibra-
tion resistance and thermazl stability, composite solid propellant formu-
lations which offer high thermal stability were used ir the development
of the single extruded grain charge for the M91 cartridge, Previous
work had shown that composite solid propellants (consisting primarily
of a high energy oxidizer, embedded in = f(:;zell}bisrsder) exhibited greater
thermal stability than nitrate ester types, '~ °’

The shaded area in Figure 1 illus‘rates the volume available for
a single grain charge {of simple cylindrical form) in the M91 cartridge.

v

0,33 in,

i ; ===

#0.656 in,—»

Figure 1. Schematic Diagram of M91 Cartridge

An extruded grain occupying the full available volume would weigh. sub-
stantially more than the standard loose granular propellant charge (ap-
proximately 30 grains), Consequently, it was decided to control the
charge weight of the single extruded grain primarily through its height,
with the outer diameter of the charge similar to that of the case to per-
mit bonding between the lateral surface of the grain and the case. In
view of the high rate of gas evolution required in this cartridge, a multi-
perforated configuration was employed to zttzin a large burning surface
in the single grain, It was planned to investigate 7- and 19-perforation
coanfigurations, the latter to be used if the 7-perforation type did not
provide sufficient burning surface. Siance the 7-perforation geometry
yielded the required gas generstior rates, no work was conducted with
the other type.
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Black powder, which offered q&“x:'actory thermal stability for the
purposes of this program, was initizlly used as the igniter charge. How-
ever, it was determined that 2 more pir-'cie'*-’c booster was required for
ignition of the single extruded graiz. Consequently, the black powder
was replaced by a boron-potassium nitrate igniter,

Test firings oi the various prnpe"la'“:'-'" systems were conducted by
assembling the M91 cartridge in an MZ27 iaitiator, to which was attached
a 15-foot length of No, 4 r'l"*bern-lmed aircraft fhydraulic hose connected
to en Aberdeer Proving Ground 1.0 cubic inch volume test fixture, which

was fitted with a piezoclectric gage.

Ballistic requirements for thic cartridge call for minimum indivi-
dual pressures of 5GC, 575, and 625 psi at -54°, 21°, and 71° C (-65°,
70°, and 160° F), respectively, when fired in the standard test fixture.
While there is no requirement regarding the maximum gas pressure, a
value less than 1500 psi is considered desirable, Standard M91 cartridges
which contain the ammonium perchlerate-based HES 5808, 7 propellant
generally yield pressures of approximately 1000 psi a2t 21® €, In addi-
tion, it is required that the igrition delay of each cartridge should not
exceed 65 milliseconds, This value is defi;xed as the time between firing
of the primer and the beginning of a cortinuous pressure rise on the
pressure-~time trace, All tzst firings i*.._ this investigation were conducted
at 21° C,

(3)

RESULS
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Preliminary firings were conducted with vazious multiperiorated
composite propellarts of aminonium perchlorate-cellulose acetate and
RDX-cellulose acetats compositions, Previous etudiestz" 4) indicated
these two types had similarly high levels of thermal stability, Since
these propellants had dimensioas eimilar to those of the standard am-
monium perchlorzte-celluicse acetate HES 58068, 7 propellant, they all
yielded loose fitting charges of individual propellant grains when loaded
into the MO21 cartndge. The compositions and dime=sions of the differ-
ert propellants, all of which were graphite coated, are shown in Table 1.

The results cbtaired with the var
Tabls I, Iz all cases, the standard i
poewder was added.

us propeliants are shown in
't‘er charge of 6 grains A4 black
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HES 5806. 2, the propellanat having the lowest RDX content,
yielded incomplete combustion in four out of five firings, All of the
other propellants gave satisfactory performance, Mean pressures
were similar to those obtained with the stardard cartridge (approxi-
mately 1000 psi).

Cases loaded with the RDX-based propellants were difficult to
remove from the initiator zafter firing; those containing the ammonium
verchlorate-based propeillst wers easily removed, This sticking is
probzbly due to the formation of a solid reaction pzoduct which deposited
in the narrow free space be’ween the inmer wall of the initiator and the
outer wall of the case,

It was therefore decided to employ the ammanium perchlorate-
cellulose acetate formylation (HES $808) in the development of a single
extruded multiperforated graiv., haviig arn oute? diameter similar to
the inner diameter of the MJ] case. Attempts ta extrude ?-perforated
HES 5808 grains in this lozge diameter were unsyccessfyl. The grains
were brittie and cracked upon deying., Substitytion of a polyacrylic rub.
ber binder (Hycar 4021)%, composecd of a copolymer of aceylic acid .
ester and a halogen -containing derivative, removed the processing dif-
ficulties, permitting preparation of large diameter multiperforated
propellant sticks. {(The propellant comnposition used, tdontified as
HES 6405, was developed under g congurrent project dizpcted toward
Fecat resistant propelissts.

The composition and physicel gdimensions of the iarge diameter
vropellant, designated HES 6409.6, are giver in Tahie I,

Desired charge weigtkts weze obtained by cutting the propellant
stick to various lengths. The ends of the cut pieces, consequently, had
no graphite coating, The cut pieces werze bonded to the case using a
solution of cellulose acetate in zn equal volyme mixtyre of acetone and
ethyl alcohol, Since the extruded piece (0. 581 in, diameter) was con-
s:derably smaller than the case diameter (0,656 in. ), bonding occurred
primarily at the base. The bond=d charges adhered firmly to the case
and could not be dislodged by either hand or mechanical agitation. Vari-
ous weights of A4 black powder (6, 8, and 10 grains) were then added.
Firings were conducted and the results are shown in Table IV,

-
Source: B. F., Goodrich Chemical Company.




TABLE III, Description of HES 6405, 6 Propellant®

Composition (%)

Ammonium perchlorate 84, 00
Hycar 4021 15. 55
DMP-30 (tri-dima.‘uhylamine methyl pherol) 0. 35
Salfur ¢ 0.10
Graphite glaze (added) 0.10
Dimensions

Outer diameter (in.) 0. 581
Perforation diameter (in.) 0. 051
Inner web {in.) 0. 133
Outer web (in.) 0,081
Length (in,) 4

Number of perforations 7

4Source: Hercules Powder Company

TABLE IV. Firings with Extruded HES 6405, 6 Grains
(Black Powder Loose in Cartridge)

Weight (gr) Peak Ignition Rise
HES 6405, 6 A4 Black Pressure Delay Time
Propellant Powder tpsi) (mpec) (msec)
25 6 400 9 189
25 L. 740 10 12
25 10 520 13 12
28 6 600 14 19
28 8 510 13 16
28 10 1030 1t 12
31 6 580 12 13
31 8 640 1le 25
31 10 1220 10 16
34 ‘ 6 1410 11 10
34 8 1560 8 8




All charges ignited readily; however, low pressures were obtained
with propellant charges of 31 grains or less and 6 or 8 grains black pow-
der. The fact that the 10-grain black powder charge with 28 and 31
zraiszs HES 6405, 6 prapellant yielded approximately twice the pressure
obtaized with the two ligkter black powder weights indicated the import-
are of igrition in this system, Addiftioral firings were conducted using
propellant weights in the range 28 to 31 grains with black powder charges
2f 10, 12, and 14 grains,

To effect more reproducible igrnition, shallow 0. 003 in, thick plas-

tiv cups were made, having 2 diameter e€cuzl to that of the case. The

le.ck povder was placed in theae cups a~d the top was sealed with an
U.003 iz, thick adhesive cellophe e metericl. The cups were then
Laozded with cellulose acztate to the top cof the propella~t graine and the
¢rzains bonded to the cace, This arrergement provided for yaiform igni-
“ion of both the top surface c¢f the propellant grain and surface of the
perforations, The results of tcst firings are shown in Table V,

Reproducibility eppeared to be similar to that obtained with stand-
ard cartridges, Peak pressurcs were slightly greater than the desired
level; however, these could be reduced through reductior. i» weight of
*t.e propellart and/or the black powder. Thus, the results indicated
the feasibility of a single extruded propella:t grain i the M9l cartridge.

8ir ce the diameter of the HES 6405, 6 propeilart was considerably
smeller then that of the case. it was decided to conduct fugtheer tests with
z. slightly lerger diameter extruded propellant, fitting more tightly in the
case., This propellart was cut to a lergth yielding pieces having an aver-
age weight of 30,2 ¢ 0.5 grains, Previous firinge had indicated the re-
¢:ired propellant charge wauld be approximately this weight, The di-
mensions of the propellast, desigreted HES 6405. 9, are shown in Table

17T

vie

Cartridges were as3sembled by bording the bottom ard latezzl sur-
fzes of the extruded graiv to the case 2-d then bo:ding selected weights
> A3z black powder to the top surface of the praopellant grain, The A3la
blzck powder was substiisted ior the A4 iype since it was believed that
the slightly coarser granutation of the former would provide for im-
proved ignition of the extruded grain, Hycar 4021 in az equal volyme
mixtire of acetore and ethyl alcohel was used te bond the various con-
stitiects, The results of firings are presented in Tzble Vil,



TABLE V., Firings with Extruded HES 6405, 6 Grain

(Black powder contained in cup bonded to grain)

Weiﬁght (gr) Peak Ignition Rise
HES 6405, 6 A4 Black Pressure Delay Time
Propellant Powder (psi) (msec) (msec)
28 12 1400 7 9
1430 7 9
1340 6 8
Avg 1390 7 9
28 14 1320 7 8
1280 8 9
1260 8 9
Avg 1287 8 9
29 10 1140 11 13
1200 10 14
1260 9 13
Avg 1200 10 : 13
29 12 1340 7 11
1340 7 10
1340 6 9
Avg 1373 7 10
31 10 1610 9 10
1420 9 9
1470 9 10
Avg 1500 9 10

TABLE VI. Dimensions of HES 6405, 9 Propellant®

Outer diameter (in.) 0. 607
Perforation diameter {in.) 0. 062
Inner web (ir.) 0.103
Outer web (in.) 0.108
Length (in.) 0.257
Number perforatiouns 7
Average weight per piece (gr) 30,2

%Source: Hercules Powder Company.
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TABLE VII. Firings with Extruded HES 6405, 9 Propellant and
Bonded Charges of A3a Black Powder

Weight Peak Ignition Rise

A3a Black Powder Prassure Delay Time
(gr) (psi) (msec) {msec)

8 640 14 13

510 16 12

590 20 11

600 9 13

580 12 11

10 480 14 15

900 13 12

580 11 14

G80 11 9

860 11 11

12 1080 9 11

$80 9 11

880 12 12

1640 10 10

680 10 12

Average values are not presented in view of the considerable varia-
tion in peak pressure obtained with the 10- and 12-grain black powder
charges, While the pressures obtained with the 8-graia black powder
charge were uniform, they were undesirably low. Increasing the charge
rroduced a shift to higher pressures; however, individual low values
were still obtained. Thus, while ignition with the 8-grain charge was
probably insufficient, ignition with the 10- and 12Z-.grain ¢hazges was
m2rginal, causing the wide pressure variations.

Previous firings with 10- or 12-grain A4 blaeck powder charges
znd similar weights of HES 6405, 6 propellant {(see Table V) yielded sa-
tisfactory uniformity, Furthermore, the pressures were greater than
even the "high'" values obtained with the HES 6405, 9 propellant, This
difference was believed attributable to either of two factors. The
slizhtly greater diameter of the HES 6405, 9 grain (0.607°in.), as com-
rared with that of HES 6405.6 (6.581 in.), could have resulted in a lower

10




gas generation rate with the former since its tighter {it in the case may
have precluded adequate ignition and burning of the outer surface of the
grain, The other factor may have been that the black powder in the HES
6405, 9 firings was directly bonded to the propellant surface. Previously,
it was loosely contained in a sealed cup which was bonded to the propel-
lant, Bonding of the black powder may have reduced its ability to ignite
effectively the extruded propellant grzin. While the black powder granu-
lation had also been changed, it wacs not believed the slightly coarser
granulation of the A3a would cause the difference in performance,

To determine the effect of boading, cartridges were assembled in
which similar weights of A3a black pcwder were added loosely or affixed
to the top surface of case bonded HES 6405, 9 preopellart grains, As be-
fore, Hycar 4021 was used as the binder. The results of firings are
presented in Table VIJii.

TABLE VIII, Eficct of Loose and Bonded A3a Black Powder?
on Ballistic Performa-ce of HES 6405. 9 Propellant

Weight Peak Ignition Rise
A3a Black Powder Pressure Delay Time
(gr) Form {pai) (msec) (msec)

14 Loose 530 12 16

660 13 16

630 12 15

970 11 12

540 12 17

14 Boaded 660 12 18

" 720 12 13

680 13 14

16 Loose 580 11 13

1040 12 11

680 11 12

590 i3 15

540 13 15

16 Bonded 1080 12 13

690 10 13

650 13 15




For equal weights, there was no significant difference between the
peak pressures obtained with loose or bonded black powder, Erratic and
low pressures were still obtained with black powder:HES 6405, 9 propel-
lant weight ratios of approximately 1:2. In view of this undesirably high
weight ratio of igniter to propellant, it was decided to investigate use
of other igniters requiring less charge weight,

Under a differenct project(b) it was found that M73 PAD cartridges
yielded higher peak pressures when assembled with a boron-potassium
ritrate igniter* than with similar weights of A4 black powder, The ig-

iter grains, designated USF-2A, consist of 23, 7% boron/70. 7% potas-
sium nitrate/5. 6% binder (Laminac- Lupersol DDM in 98:2 ratio) and
are pressed in the form of cylinders of 1/8 inch diameter and 3/16 inch
length,

Cartridges were assembled using selected weights of USF-2A ig-
iter bonded to the top of case-bonded HES 6405. 9 propellant grains.
Hycar 4021 was used as the binder for the different constituents, The
results of firings are given in Table IX,

TABLE IX, Effect of Various Weights of Bonded USF-2A Igniter
on Ballistic Performance of HES 6405. 9 Propellant

Weight Peak Ignition Rise
USF -2A Igniter Pressure Delay Time
fgr) (psi) (msec) (msec)

10 500 12 19

590 15 17

540 13 18

12 640 12 20

620 13 16

930 12 16

14 640 12 17

630 14 23

1050 12 23

16 1220 12 20

1140 11 13

1390 10 15

“Source: United States Flare Division of Atlartic Research Corporation,
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A charge of 10 grains igniter yielded uniformly low pressures.
Erratic pressures were obtained with both the 12- and 14-grain charges,
indicating marginal igrition at these weights, However, the pressures
obtained with the 16-grain igniter charge were relatively uriform and
similar to those yielded by standard cartridges. Thus, for a 16-grain
igniter charge, improved uniformity and higher pressures were obtained
with the USF-2A igniter than with A3a black powder, indicating the in-
creased effectiveness of the former in promoting the mass burning rate
of the HES 6405, 9 propellant grain,

The program was termi-ztad at this point due to funding limitations.
However, the results, while limited, [:.dizate feasibility of attaining the
desired ballistic performance usiag an integrated assembly of a case-
bonded single, extruded, multiperforated propellant grain and igniter
charge.

DISCUSSION

While the above system met bellistic specifications at 21° C, an
undesirably high weight ra®io of igniter ?o propellant (approximately 1:2}
was required to effact adeyuste igriiion and produce the required high
gas generation rate, In view of the difficulty in adequately igniting the
charge at ttis temperauture, satisfactory functioning at the minimum of
the required temperatuzre range, -54° ¢o 71° C, may constitute a prob-
lem. While no vibration tests were caoanducted, there is no reason not
to believe that the case b:r.ded, extruded grain will have, at least, the
same high vibration resistin_ e 28 did the case-bonded molded grain de-
veloped under this program. () Similardy, the single extruded grain
should have high thermal stability as the HES 6405 composition was
specifically developed for and was showa to have high temperature re-
sistant properties, ¢

Since a single grain ex*ruded propellant charge has to be specifically
developed and manufactured for each cartridge {i.e., the grain dimensiors
and weight are fixed by the case dimensions end performance require-
ment}), widespread applicaticn of this concept to various PAD cartridges
does not appear warranted, Furthermore, extremely close processing
control is required far these propellant grains having a high ratio of

13
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diameter of length, Slight variations in grain length may result in dis-
proportionately large variations in charge weight,

CONCLUSIONS

An integrated assembly of a single extruded multiperforated pro-.
pellant grafn (HES 6405. 9) and required igniter charge was developed
which met the ballistic specifications for the M91 PAD cartridge at nor-
mal temperature. To provide for high vibration resistance, the propel-
lant grain was bonded to the case and the igniter charge bonded to the
top surface of the grain,.

While this concept has been shown to be feasible, widespread ap-
plication of this system to PAD cartridges is not warranted since a dif-
ferent single grain propellant charge would have to be extruded for each
cartridge type.

14
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